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DEPARTMENT OF THE AIR FORCE
WASHINGTON 20330

OFFICE OF THE ASSISTANT SECRETARY

Federal, State and Local Agencies

plete production of the M-X missile, but cancelled the M-X
Multiple Protective Shelter (MPS) basing system. The Air Force
was, at the time of these decisions, working to prepare a Final
Environmental Impact Statement (FEIS) for the MPS site selec-
tion process. These efforts have been terminated and the Air
Force no longer intends to file a FEIS for the MPS system.
However, the attached preliminary FEIS captures the environ-
mental data and analysis in the document that was nearing com-
pletion when the President decided to deploy the system in a
different manner.

The preliminary FEIS and associated technical reports represent
an intensive effort at resource planning and development that
may be of significant value to state and local agencies
involved in future planning efforts in the study area. There-
fore, in response to requests for environmental technical

data from the Congress, federal agencies and the states
involved, we have published limited copies of the document

for their use. Other interested parties may obtain copies

by contacting:

National Technical Information Service
United States Department of Commerce
5285 Port Royal Road

Springfield, Virginia 22161
Telephone: (703) 487-4650

Sincerely,

JAMESF BOATRIGHT

1 Attachment é DfEputy Assistant Secretary
Preliminary FEIS £

he Air Force (Installations)

On October 2, 1981, the President announced his decision to com-
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CONCLUSIONS

1. Within the MX Missile System potential impact area (including the
tour aquatic study areas) a number of relict, endemic, sensitive, and
endangered organisms occur.

2. Changes of flow regimec in aquatic habitats occupied by native
species wil!l result in depletion or extinction of these endemic species.
This is true regardiess of the cause of a change of flow regime, but could
result from pumping of groundwatar for either construction or operation of
the MX Missile System.

3. Construction activities must be kept away from springs and their
outflows to prevent direct impacts such as alteration of outflow channels
or unintentional transfer of aquatic organisms.

4, The rate of introduction of detrimentai exotic species, including
fish and moflusks, will increase due +o increased human activity within
the area impacted by the MX Missite System,

5. The White River spinedace has been extirpated in Preston Big
Spring, apparently as a result of directing the outflow into an
underground fube some 500 meters downstream from the source.

6. The White River desert sucker has declined in abundance in Preston
Big Spring, apparently as a result of the modifications mentioned in
number 5 above.

7. Mitigation of the adverse impacts of +the construction and
operation of the MX Missile System, we believe, is only partiaily possible
by development of {arge refuge areas of natural desert aguatic habitats
and by deveiopment of a continuing and comprehensive public education
program.

8. Mitigation measures must squarely address the oproblem of
maintaining natural habitats as the only successful and permanent means of
avoiding adverse impacts to native species. This may require establishing
e refuge system of representative desert aquatic ecosystems in the
dep ioyment area.

9. Some mitigation of the adverse impacts certain +o result from
increased population may be possible +hrough a continuous and
comprehensive public education program which focuses on improving the
general understanding of the ecological effects of, even seemingly minor,
activities centered on desert aguatic systems.

10. Surveys of poputation status of moltusks, fish, invertebrates and
other organisms should be undertaken throughout *+he deployment area.
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ASSTRACT

To provide a data base on aquatic resources in eastern and central
Nevada useable in developing objective estimates of the oprobabie impacts
of geployment of an MX missile system in Nevada, we examined four selected
aquatic habitats in some detail and several others somewhat more
superficially. Data were collected in June through September, 1980, at
°reston Big Spring, Big Spring at Lockes Ranch, Shoshone Ponds, the
outflow of Ash Spring and severa! other aquatic habitats in Spring Valley
and Steptoe Valley. Information availabie through the literature, as well
as unpublished data from J.E. Deacon's files, were used as additional
sources of information., A large number of endemic, sensitive or endangered
organisms occur within the area proposed for deployment of the MX Missile
System. Several endemic, undescribed species and genera of molliusks were
discovered in various springs in Spring Valley, Steptoe Valley, Railroad
Valiey and White River Valley. Endemic mollusks also occur in Pahranagat
Vatley. Poputations of endemic snails were found to be high in habitats
+hat were unmodified and that did not contain introduced fish or other
snails such as Melanoides tubercuiatus. Dewatering, channelizing,
construction of cement-lined difches, damming, and establishment of
non-native species of fishes or mollusks, reduce populations of native
fishes and snails to varying degrees. Severe impacts on the native fishes
and moliusks can be expected as a result of increased intensity of
recreational use. This in turn will result in greatly increased
probability of introduction of Meianoides tuberculatus, an orient=| snail
that almost entirely eliminates many native snails, as well as a variety
of +ropical fishes that adversely affect native fishes.

Preston Big Spring was the most modified of any system studied and
showed a major reduction of aquatic habitat due to underground diversions
some 400 meters below the spring source. The channeil aisd> nad been dredged
in the past and old diversion channels and weirs could still be discerned.
A+ +his spring, the invertebrate fauna was the most diverse of any system
studied. This is partly attributable to the cooler waters present in this
habitat. This spring also had diverse algal and aquatic macrophyte
communities providing a rich source of microhabitats to support a variety
of invertebrate species. This spring historical!ly contained four native
species of fish but our study demonstrated that the White River spinedace
disappeared subsequent to 1966-67. The White River sucker population was
found to be scarce and is in danger of becoming extirpated if further
habitat alterations continue. White River speckied dace and White River
springfish were the dominant fish species in this habitat. The dace was
the most abundant and was primarily carnivorous, while the springfish was
herbivorous.

Lockes Ranch was +he warmest of all habitats studied and contained
relatively few species of alga and aguatic macrophytes. No change in the
species composition or distribution of fishes could be discerned during
the course of the field work. No major modifications to this habitat, in
the immediate vicinity of the spring source, could be discerned. The
nitrogen-poor waters provide a setective advantage to nitrogen-fixing
aigae, which form the base of the food net. Rivularia so. aooears Yo
provide an ostracod nursery algal mat, which cannot be penetrated by fish
predators. The Railroad Valley springfish was primarily carrivorous. Fish
population densities throughout the soring and marsh system probably are
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strongly influenced by winter temperature.

Shoshone Nerth Pond was the only habitat studied that was man-made
and maintained. |+ current!y supports an introduced population of Pahrump
killifish from Manse Ranch, Pahrump Valley, Nye County, Nevada. The pond
is approximately 4 meters across and 1.5 meters deep. I+ supports a smal!
stand of aquatic macrophytes and an extensive mat of filamentous algae.
Invertebrate prey populations are primarily confined to the aigal mats and
shallow areas of the shore, where fish cannot prey upon them. Historical
data collected at Manse Ranch suggests that killifish are primarily
carnivorous. They probably strongly influence the density and distribution
of zooplankton, snails, chironomids and other invertebrates within this
habitat.

The outflow of Ash Spring, on the Burns Ranch, was modified
relatively little by man. There is not a well-defined aqua*ic macrophyte
zone along the outflow. The shoreline is predominately vegetated by
willow, ash, grape and several other riparian species. The alqal community
in *his system was fairly diverse and showed some fluctyations over the
study period. The invertebrate fauna was almost entireiy dominated by the
introduced oriental snail, Melanoides tuberculatus. The native fish fauna
showed a strong preference for similar type habitats. The speckled dace
were aimost exclusively found in deep portions of the habitat, behind
smail snags, while adult Pahranagat roundtail chub were only found in a
deep hole at transect 50. The presence of young roundtail chub throughout
the habitat suggests that there is a shift in habitat requirements in the
adult popuiation. The convict cichlid and mexi¢an molly shared dominance
in the fish fauna. Clearly, the non-native fish and the introduced snail,
Melanoides tubercuiatus, have caused a reduction in population densities
of native fishes and mollusks. Other invertebrates may aiso have bheen
adversely affected.

Construction activities *hat invoive use of, or even temporary
maniputation of waters in Nevada, will profoundly affect the aquatic
habitats in a variety of ways. Modifications of flow patterns or
manipulaticn of waters has been shown *+o sometimes result in elimination
of some endemic species of aquatic organism in Nevada. The secondary
impacts resulting from increased recreational use of aguatic habitats will
also adverseiy affect the endemic biota. Most notably, the intenticnal or
unintentional spreading of non-native biota, which accompanies increased
recreational use, wil! have profound and tlasting impacts on Nevada ‘s
native aquatic biota.
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INTRODUCTION

Four aquatic habita*s in Nevada have been selected for intensive
study in an effort to provide a data base that will allow objective
estimates of probable impacts on the aquatic biota within the proposed
area for deployment of an M X Missile System in Nevada. This report
summarizes intormation developed as a resuit of field work in June, July,
August, and September, 1980, at Preston Big Spring in White River Valley,
Lockes Ranch in Railroad Valiey, Shoshone Ponds in Spring VYaliey, and in
The outflow of Ash Spring in Pahranagat Valley. These aquatic habitats
were selected as being representative of the kinds of aguatic habitats in
the deployment area. Studies conducted in these four habitats are
intended to identify the kinds of environmental considerations that will
be important in the deplioyment area once specific sites and specific
impacts are identified. It is clear that each locality has its unique
characteristics and that, therefore, it will be necessary to conduct site
specific investigations as potential impacts are identified. This study
serves both to identify the kinds of environmental problems existing in,
or associated with, aquatic habitats in the proposed depioyment area and
as an example of the kind of site specific investigations that will be
necessary. A brief survey of other aquatic habitats in Spring Valley
provides considerable insight into the need for surveys of pooulation
sTatus of at least moiluscs +throughout +he deployment area. Other
information for other valleys demonstrates a similar need with respect +o
fish population status. We have emphasized development of information
pertinent Toc an assessment of the biclogical relationships of the fish
poputations in +he four habitats studied.

The report includes a ohysical description of the four areas
intensively sampled, information on certain bphysical and chemical
characteristics of +he water, data on occurrence, distribution and
abundance of plants and animals in each of +the four habitats, and
information on food habits and population sizes of the fish populations.
In adgition, results of a molluscan survey of aquatic habitats in Soring
Valiey are included. Appendix A provides site specific information
regarding occurrence and status of sensitive species of animals at many
other localities within the deployment area. While this information is
not complete, it does provide site specific information available to us at
present beyond the four habitats intensively sampled.
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Habitat Morphometry

Methods

Permanent controis were established at all the sample sites by
placing paired stakes at the beginning and end of each 100 meter secticn
of habitat. Transect |ines at five meter intervals were then measured and
marked with wooden stakes set perpendicular to the stream channel. A
transit was used to record the angle and horizontai distance to each
paired stake. Surveyors twine was then stretched between stakes at each
transect and the horizontal distance of the riparian zone, aquatic
macrophytes, and open water was recorded. Species composition and
abundance was noted for each vegetation zone. Depth, current, and
substrate data were taken at the edges of the aquatic macrophyte beds and
at the point of highest current speed. Tables and figures for this
section can be found in Appendix 3 at the end of the report.

Results And Discussion

Preston 3ig Serina

UTM{(666,282 nE / 4,310,385 m N; Lund 2 Sheet )

Figure B8=1 outlines the distribu*ional patterns of +he riparian and
aquatic vegetation zones within the study area. Transect lines have been
designated and are synonomous with station locations for all acuatic
biological samoling conducted during June *through September. The species

compesition of the plant ccmmunity s given in Table 3=1, Estimated
oercent coverage for each species at each *ransect locaticn is provided in
Tablie B=-2.

The riparian zone along the western margin of *he spring is easily
divided inftfo discrete zones based uypon dominance within the plant
community. From the spring source down gradient to transect 70 +there s
little *rue riparian vegetation. OUpen soil is orevalent with Asteraceae
comprising 50-90% of the total species composition. From transect 20 down
to transect 90 Salix sp.dominates the fiora. Some Potentilia anserina
(rose) is interspersad through *ransects 25 to 55, but dces not conTribute
a major ccmponent to the overall community. Selow transect S0, where
thisTle and rush dominate *he ground cover, there is no true riparian
zone.

The eastern boundary of the soring has a more diverse riparian flora
. that is heterogeneous in i+s distribution. The upper segments of the
‘ spring near its source down through transect 45 is comocsed primarily of
Potentilla anserina and an assemblage of miscellaneous species that
contribute almost half of +he *otal cover. This component is primariiy of
Juncus, sa2ge, *histie, mint, milkweed, willow=-herb, and saveral species of
Sehrophul ariaceae. The remainder of +he habitat contains +the abcve
species exceot that the rose is lacking. A

L The riparian zone remained unchanged in both species compcsi*icn and
b abundance during June, July and August. However, in *he week oreceeding
_ September Sth, the riparian 2one was severely trampled and grazed DOy
f cattie ( Photos 8 1=2 ). The only plant species *o survive were willow,
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rose and Palmers Penstemon. A!! other species were either trampled or
grazed to ground level.

from June through August, the aquetic vegetation zone +hroughout the
entire study area was dominated by two species: Rorippa nasturtium-
agquaticum (watercress) and Scirpus americanus. Composition within a given
transect was variable, though Scirpus comprised the majority of the
biomass. Watercress reached its highest density in the head pool region
and at transects 65a-65b, where a small spring source contributes
additional flow to the system. |In general, the western margin of +the
spring from the head poo! to transect 65 contained well develioped areas of
aquatic macrophyte beds. These beds were aiso heavily grazed by the
cattle and disturbance of substrates throughout the spring was obvious.
This damage to both the riparian zone and aquatic macrophytes occurred
from the spring source all the way down to the diversion weir,

Channe! development at Preston Big Spring can be observed by
reviewing Figures B-2 <+hrough 4. These aiso demonstrate <+he depth
profiles along each transect line and the relative lateral extension of
the aquatic vegetation zones. Table B-3 gives depth, current, and
substrate readings associated with each +ransect for +he respective
vegetation zones and mid=-channe!| for the June collections. There was no
significant change in any of <these parameters during July +hrough
September.

Preston Big Spring has experienced extensive modifications in +he
past. There is ample evidence of excavation along the entire outfiow down
to the point of underground diversion approximately 500 meters south of
the spring source. This structure has resulted in the loss of the
available aguatic habitat below +hat point. A few meters beiow <+ransect
100 on the eastern bank is the remains of an old cament diversion weir, A
recognizable channel can be discerned leading away to the south-east. No
otner historical above ground diversion channels could be discerned.
Local tes*timony collected during the June sampling trip indicated +hat
occasionally the spring is "drag-lined” to remove the watercress, and
other nuisance plants. The extent of habitat modification, as a direct
result of this activity, is at present unknown. Much of +*he spring
outfliow above transect 65 can be characterized by slight to moderate fiows
with extensive quiet water refugia provided by thick aquatic macrophyte
beds atong the western bank. The eastern bank does not opossess this
extensive aquatic macrophyte development, though it is present along its
entire margin. Below transect 65, the outflow gradient steepens and the
channel becomes very narrow with firm gravel and rock substrates and
moderate to swift current velocities. The aquatic vegetation in this area
is almost entireiy Scirpus on both sides of the bank.

Lockes Ranch

UTM (607,194 m E / 4,268,020 m N; Nevada Quadrangie -4 )

Figure 8-5 outlines the distributional patterns of the aquatic and
riparian vegetation zones for this study area. Transect |ines have been
designated and are synonomous with station locations. Photo 8«3 provides
a view of the spring pool looking south down the outflow. Those species
identifiec within +he various vegetation zones are presented in Table B-1,
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Scirpus sp.comprised over 98% of the total cover in the aquatic macrophyte

zone for the entire spring outfiow. The remaining 2% was represented by

Juncus and an assortment of species from the "riparian zone."

There was no true development of a riparian zone at Lockes Ranch.
The study area was situated on a broad plateau approximately 450 meters
wide that contained 4 genera in the AsfTeraceae, with Cirisium mohavense
(thistie) and Anemopsis californica dominating the ground cover. The
other species listed in Table B-! were randomly interspersed throughout
the "meadow' and comprised approximately 204 of the total abundance.
There was no change in either composition or abundance during “he study
and these communities are considered to be very stable in the absence of
external modifications.

Channel development at Lockes Ranch can be seen in Figures 8-6 and 7.
The spring pool is over 1.5 meters deep in some areas and taocers to a
narrow outflow with depths generally decreasing down gradient. Current
speeds are negligidble in much cf the spring pool but increase down
gradient. Table 3-4 gives specific depth, current, and substrate readings
for each transect along the study area for the June collections. There
was no significant change in either depth or current during the study.
Substrates are general!y very soft mud in the spring pool and immediate
outflow and show a steady increase in firmness as current speeds increase.
Substrates are primarily of +fravertine derivation with some organic
debris. The carbonate crust that existed in the swifter portions of the
outflow was disturbed sometime prior to the August sampling though large
chunks still persisted throughout the study area. There is a lack of
extensive shallow areas over much of the habitat until near transects S0
and 95. At this point there are some broad shelves along the eastern
margin of the spring outflow. A major man-made structurail diversion
exists at transect 100, dividing *the stream into ftwo channeis. One branch
runs westward across Highway 6 and, eventualily arcs west and south Yo
irrigate wet meadows used for grazing by *he Nevada Cat+le Ccmpany. The
other branch runs southward directly +o the meadows just mentioned. A
small underground siphon exists near fransect 70 that feeds a smail 5 inch
diameter pipe leading to the south. Its purpose is unknown. The only
other evidence of habitat alteration is the opresence of an old "bath
house” that sits across the stream at transects 75-80. There is no
evidence that the stream course above transect 100 or the main pool itself
have aver been excavated.

Shoshone North Pond

UTM (724,203 mE / 4,311,730 m N; Nevada Quadrangle 7-1 )

Figure B-8 shows the basic habitat morphometry of Shoshone North
Pond. Transect |ines have been indicated to facilitate interpretation of
the 3 cross-sectional transects provided in Figure 8-9, Table 8-5 shows
the associated depth readings *Taken at each transect. There were no
detectable current speeds within the pond and the substrates consisted of
detrital mud and gravel, There was no riparian zone at this sample si*e
and a poorly developed aquatic marcrophyte stand along +he eastern and
southern boundaries as seen in Photo 3-4., The dominant emergent species
was Scirpus,which comorised 98% of the tota! cover. Those species !isted
in Table 3~1 comprised the remaining 2% and were found orimarily along *he
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nor+tnern and western boundary of the pond.

This pond exists within an artificial enciosure and is one of three

nea-ly identical ponds that were constructed by the 3ureau of Land : 1
Management as refugia for native fish species. Management confrol is ST
under the jurisdiction of the 1y District Office. -1

—- @

OQurtlow Of Ash Spring

UTM (660,066 mE / 4,145,325 m N; Nevada Quadranglie 10-3 )

Figure B-1D details *ne habitat morphometry data collected at +his

sampling site. The riparian zone is well developed within the study area, .‘
wnere ash dominates *he stream boundaries. Interspersed with the ash is +
Vitis californica, the " California wiid grape, " which is quite dense

atong the western shoreline at +transect 50. There are aiso a few R
scattered species of cottonwood and domesticated c'ive trees throughou*

+*he habitat. There is no aaquatic vegetation zone at -nis sampling site. . }
Plants common to the surrounding meadow are distributed up to the ®
shoreiine and constitute a fairly uniform community. Dominan+ species are 4

Hvarocotvie spp. (marshy pennywort); Anemopsis californica (yerba=-mansa); 1
Sleocharis parishii (spike rush); Juncus (common rush); and Distichlis
spicata (salt grass). The western side of Tthe stream channel is not
neavily grazed and is considerably more lush than the eastern meadows, as
Photo B-5 demonstrates. Table B-1 gives the specific plants collectec at i
+*nis iocality. There was no detectable change in plant composition at ®
This sampling site during The course of our field work,

Transect data for depth, current, and substrates can be found in
Table B-6. Data is presented for June only 2s more detailed analysis are 1
forthcoming from current studies utilizing the instream Flow Methodoiogy ¥
developed by the U. S Fish and Wildlife Service. Substrates are gprimarily @
2 function of current speed with firm sand bottoms occurring where current
sbeeds are highest, Soft mud can be found along al! the margins of the
stream where current speeds are low or negligible. Figures B=11 +hrough
13 show channe! development through the study area. The eastern boundary,
in general, contains most of the shallow, quiet water habitats that become

exposed when irrigation diversions are made upstream. A deep hole and ®
undercut bank on the eastern edge of the stream occur at transect S50. The 1
[ wes*tern margin of the stream contains swift water and undercut banks. :
» Only a*t transects 20 through 35 is *here any shallow lateral development )
[ of quiet water habitat on +he western edge of the stream.
)
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PHYSIZAL THEMIZAL CCND!TIONS
METRCDS

Standargd metnods were used fsr the coilection 2and analvsis of
anysical chemical data { Tapie 1 ). Methods Oof analysis are presented in
. S. A 2 W A {1975), except fcr nitrate,which has deen Jescribed Dy
Xe!iar et ai. (13807, Al| sampies for lapboratcry analysis, excep?t
nitrate samplies, were Collected and cocoled to zero degrees C immediately
fclicwing coliecticn ard maintained at rhis Temperature wuntii analysis.
Nitrate samples were frozen immediartely fclilowing collec*icn and
maintained in the frozen state until analysis. The following »orands cof
electronic instruments were used for sample 2nalysis:

Seckman Conductivity Sriagge No. R C - 19

instTruments Lab, lac. Portamatic oH Merer

Meni+*ek Neohelometar - Mode! 21

Yeliow Sorings insTrument Oxygen Meter - “odel No. 57

RESLLTS

The fallowing difficulties were ancountered with  the
ohysical/chemical measurements:

(1) The cxygen meter developed technical difficul*y in June and July ,
rendering guestionaple a3 significant amount of data.

Only daTta for #hich *he meter had Seen calibrated by

Ainkier test w#ith no 2lectronic drift in the meter

cutput are nresentad for These mcnths ( Taole 2 -

all oxygen readings ).

(2) Sulfate samoies from June were improperly fixed in
the field. As a result, analysis of water samples fcr
suifate from that sampling oeriod could not be
validated. 3ince aiil other related parameters were
Quite consistent hHetween sampling periods for any
given spring, very little difference was likely

to have exis*ed detween June and July values.

(3) The oH meter developed *echnical difficulty in
September so that no pH or alkalinity values were cbtained.

There were considerable differences bYetween aguatic sysTems in
physical chemistry ( Tables 2 and 3 ). I[n general, 2/! the svstems,
except Shosnone North Pond, would be consicered hard waTer springs with
generally low sal+ content and some sulfate ( “em, 1373 ). Shosnone Ncrth
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TABLE 1. Physical chemical methods used for various parameters measured

during the study.

Parameter Measurement Method
Field Analyzed
Oxygen mg/1 0, meter or Winkler-Azide
modification

Temperature °c Thermometer
pH mg/1 EDTA Titrimetric
Hardness mg/1 Potentiometric to pH 4.5
Laboratorv Analvzed
Nitrates (NOj3) ug/1 Kellar et al. 1980
Sulfates mg/1 Turbidimetric
Specific Conductance umhos/cm Conductivity Bridge
Turbidity N.T.U. Nephelometric
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Pond was quite low in dissolved solids. None of the sorings displayed
turbidity to any degree. Lockes Ranch Spring and Shoshone North Pond were
quite low in nitrates, while the outflow of Ash Spring and particularly
Preston Big Spring were much higher.

The pH of all the springs was in the alkaline range but not excessive
ir any spriag. The pH at Shoshone North Pond was quite var‘able,
undoubtedly a result of daily algal productivity cycles.

Oxygen levels at Shoshone North Pond were generally high. Oxygen at
the surface at Shoshone North Pond was supersaturated during the peak
illumination period, but never dropped below 509 saturation even when
measured just defore sunrise. Aithough the absolute values of some June
and July oxygen readings with the meter were questionabis, *the relative
pattern of oxygen content with depth at Shoshone North Pond indicated a
neariy homogeneous oxygen profile,with the exception that a drastic peak
existed at *the surface during maximum light intensity. There were
indications that the oxygen levels became hcmogenous throughout the pond
overnight except during September, when there was an oxygen peak at the
Yottom of the pond. This anomaly is expiained by the fact that upon
arrival at Shoshone Ponds in September, it was observed that the algae mat
was lying on the bottom of the north pond. The oxygen oeak shifted to the
surface later in the day as the algae mat siowly floated to the surface as
a resylt of photosynthetic oxyqen production.

The oxygen lavels at Preston 3ig Soring and Lockes Ranch Spring were
low, generally beiow 50% saturation. Oxygen levels did exceed 509
saturation at Lockes Ranch Spring at the 100 meter transect in July at
1200 hours, even +though the absoluTe oxygen content was quite low. The
sotubility of oxygen in Lockes Soring is {low however, creating a low
oxygen condition especially near the head opool. ODuring high light
intensity periods there was a notable difference in oxyqgen content near
the head pool and 100 meters downstream at Lockes Ranch Spring , although
oxygen levels throughout the study area tended to equalize overnight
( Table 2 ). Although there were some indications of diurnal differences,
the oxygen content of the water at both ends of +he study area at Preston
Big Soring displayed only slight differences at any given time.

Oxygen levels were quite constant throughout the four month study
nperiod in all aquatic ecosystems studied. There were indications in +he
data that oxygen production and +temperature increased slightly as a
function of day length. Throughout the four month period, »shysical
chemical parameters were not causing excessive stress on the biota of the
sample sites. Only conditions at Lockes Ranch Spring present border!ine
natural stressful conditions. The ecological relationships of extremely
low nitrates at Lockes Ranch Spring and variable high nitrates at Pres*on
3ig Soring is not well understood at this *ime. Winter and ear!y soring
physical chemical conditions need +a be monitored before  seasonal
fluctuaticns can be ascertained.
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ALGAL COMMUNITIZS

NTRSDUCTION

" Agfwuchs " is a term used ToO cdesigna*e “he microcommunity
2ssoci1ated with substrates in aquatic habitats. t+ includes attached
aigae and organisms thet live intermingled witnin i+. In *his s*tudy the
a'gal component of the "aufwuchs" community was examined. The purpose of
This section is to list the algal species found in each habitat and to
gescrioe their position in the community. Literature describing algae of
*he study habitats is quite limited. La Rivers (1878) is +he only source
wi*h specific reference to any of the s+udy habitats. He described six
species of algae found in Lockes Ranch Spring during 1956-57. La Rivers
book (1978) is +*he best source for distributions, descriptions, and
“ilustrations of aigae found in Nevada springs. The book is a comp’iation
¢ nis findings and information in 2 handful of published re, . ts on
evade algae ( Drouet ; La Rivers 1965; and Shields anc Drouet 1962 ). He
escribes more than 450 species of algae from +he western Great Basin.
ot menticoned o, La Rivers is an unpyblished master +hesis by ( Morgar,
352 ° listing 31 species, most!y blue-green algae, which were previous!y
anrecorded in Death Valley. Later, Taylor (1979) reported on 52 species
of aigae from eight naftural springs on the Nevada Test Site. Thirteen
species (mos+ly diatoms) were common to Taylors study and the present one.
Tre Nevada Tes* Site springs hacd verv low flow rates; some reportedly dry
up for short periods during the year. No fish were seen in any of +those
springs.

The algai community in streams and springs commonly consists of 2 few
o-imary s*rucTural  components of well anchored filamentous species whigh
provige microhapi+tat for a multitude of additional plant and anima!
species. Some of the additional species are a*tached fo the primary
s*ructura! forms, while others grow within the structural matrix in a more
independent fashi.on as tychoplankton. In side areas, where flow ~a‘tes are
low, algae grow and accumu'ate to form suspended masses and floating mats
where <*ney perform a function similar to that just described. With minor
variations, all of the study habitats follow this pa+tern. Flowing water
is  virtually non~existent in Shoshone North Pond, but 2 thick aigal mat
2**s as a primary s*tructural component there as well.

Phyteplankton are, by definition, +he aigae which live freely
suspended in the water column. Most of them lack a mechanism ‘o move
enough to overcome the natural movements of +he water. True phytop!lankton
communities usuaily develop in lakes, ponds, and large slow moving rivers.
in most streams and rivers, flow rates are too high to allow time for
pny*oolankton commynities +o develop. In streams, "plankton" algae are
usuaily organisms *nat have washed out of lakes and ponds or algae +*hat
have come from attached algal communities in the stream,

These generalizations are aquite apuropriate for all of our s*udv
nabita*ts. In Preston 8ig Spring and Lockes Ranch Spring it is highly
‘mp~obadbie *nat a *ruye phv*oplankton community could develop within 100
meters of the head 500!s due to the water velocity.
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AUF WUCHS

Ccilections of aufwuchs (periphyton) were made for the purdose of
identifying *he algal species present in each habitat. To that engd, each
nabita® was examined thoroughly and grab samples were taken ¢rom many
subs*trate rypes and cur-ent conditions. Samples included rock and stick
scrapings, whole rocks, squeezings and cuttings of aquatic vascular
5lants, floating mats, and organic flocculum frem benthic surtfaces. A
compound microscope and a dissecting microscope were taken to the field in
July and August to aid in the collecticn of specialized structures needed
to identify certain algal species.

Periphyton samples werea preserved with Acid - Lugols solution.
Sreservative was added until a tea color was maintained in each samopl2.
The quantity varied depending upen *he amount of algae in The sampie.
Selected sampies were kept 2live by refrigeration and returned *to Las
VYegas for anaiysis.

Aet mounts wera made ‘or microscopic examination of ail sampies. I
addition, Hyrax, a synthetic resin, was Jsed To mount cleared diatoms.
These ~leared diatcms 2re necessary to observe <*he +taxonomically useful
shapes and decorative features of their cell walls. Periphy*on species
identifications were made using an inverted microscope with light-field
ohase czontras* capapitities. Algal identifications were made to the
species laevel ar to the lowest taxonomic level possible.

SHYTZPUANKTON

Phytoplankton were counted using *he inverted microscope method
( Jtermoni, 193t; 1958 ). This procedure facilitates the identification
and enumeration of all phytoplankton size components and allows counts cf
a0t only the dominant species, but aiso the uncommon species.

One liter phytoplank*on samples were collected from 10 centimeters
helow <+he surface with a 3 liter Van Dorn grab sampler. Phytopolankten
samples were preserved in Acid - Lugols solution. One mi of »preservative
was added to each 100 mi of phytoplankton sample at the time of
collecticn. Samples were stored in mason jars. The effective shelf 1ife
is 3 years or mere when stored oroperly ( Nauwerck, 1963) .

The nanopianktonic species (less than 64 um) were counted at 400x
magnification in one or more strips across ‘the entire diameter cof *he
olate chamber. The larger, more ccmmon forms were ccunted at 200x
magnification in one or two across diameter strips. The entire plave
cnamber was +then scanned at 100x magnification for fthe less ccmmen 'arge
algal species. All species not encountered at the higher magnificaticns
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were enumerated at 100x. wnen necessary, one or two strips 10 mm in
length were enumerated at 1000x magnification (oi! immersion) for the
small forms. Due to extremely low algal densities, a low level of error

was not always achieved.

RESULTS AND DiSCUSSION

AUF WUCHS

Preston Big Spring

Flow rate and attachment substrates were the primary factors
controlling the distribution of algal species in Preston Big Spring.
Algae that formed the oprimary structural ccmponents were Spirogrye
varians, Cladophora glomerata, and Dichotomosiphon tuberosus ( Table 4 ).
Near the head pool where flows were slow, extensive suspended and fioating
mats of S. varians developed. It was also found throughout the habitat
where the ¥low siowed, usually in small open areas of aquatic weed beds.
C. glomerata was very abundant in the main stream and occasionally in the
shaliow areas around Scirpus stems. |+ was attached to Rorippa in fast
flowing water and formed streamers up to 30 cm long. Dichotomosiphon
tuberosus dominated much of the shallow water among *he sedge stems and
Rorippa roots near +he head poo!. I+ formed dense, felty growths and
provided a large surface area for epiphyte development.

Seventy-four species of algae were identified in samples collected
trom Preston Big Spring ( Tables 4 and 5 ). Setween the 50 and 100 meter
transects, the mid-channel area was covered with smal! stones (1-15 em in
diameter). In June, some of the stones were covered with short (1-2 cm)
Cladoohora growths and a mixed diatom assemblage, while others were
covered with Homeothrix juliana (bliue-green). In July, Augqust, andg
September, the Cladophora and diatoms had been largely replaced by H.
juliana. In June, Chara vuigaris was found only in one smal!l patch in a
backwater area near the 60 meter transect. By July, Chara was beginning
to grow betrween the stones in mid-channel. Once established there, it
remai ned through August and September.

Diatoms were *he most diverse group of algae encountered in the
habitat. They comprised most of the chrysophytan species and more than
S0 ¢ of the total number of species identified throughout the study period
{ Table 5 )., Although green algae ( Chlorophyta ) were not as diverse as
the diatoms, +hey accounted for most of the algal biomass present in the
system. The blue-green aigae ( Cyanophyta ) were nearly as diverse as the
green algae in species numbers. Most of the Cyanoohvta were found
scattered and intermingled among +the larger filamentous green aligae in
relatively low numbers. OQscillatoria nigra (blue-areen) formed compact
purple-plack clumps (1«2 cm in diameter) at the water surface around the
stems of Rorippa throughout the habitat. H. juliana formed neariy pure
growths on mid-channe! stones.
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Taple 1, Algae of the "Aufwuchs" Community in Preston 3ig Spring, 138N
“includes species found in the phytoplankton samples),
Species Jun 7 Jul 12 Aug @ Sep 6 e O
CHLOROPHYTA
Charales
Chara vulgaris L. * * e ** ° )
Chaetophorales T
°rotoderma viride Kuetzing (possibly) bd “
. . , . : d
- *
Stigeoclaonium sp. Kuetzing ° ®
Chlorococcales
Slakatothrix viridis {Snow) Printz *
Pediastrum norvanum (Turp.) Menegh. * ° “
1
Scenedesmys acutus Meyen *
S. bijuga (Turn.) Lagerheim * *
Cladophorales
® L J
Cladoohora fracta (Dillw.) Kuetzing (probably) * * |
C. glomerata (L.) Kuetzing e el ol e j
Rhizoclonium sp, Kuetzing (probably) *
— ° o
Dichotomosiphonales ]
Dichotomosiphon tuberosus (8raun) Ernst okl ol bl ekl
Oedogoniales ]
' ® L J
Qedogonium sp. Link * * 1
2edogonium ]
Zygnematales 1
Cosmarium sp. Corda * d
_ ° °
Mougeotia sp. Agardh * — 1
Spirogyra spp. Link * * il * :
1
(continued)
® ®
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Table 4 . [continued)

Species Jun 7 Jul 12 Aug 9 Sep 6 .
- ®
S. varians (Hass.) Kuetzing wex wax okl el
Zvanema sp. Agardh * * * * .
CHRYSQOPHYTA .'
Centrales .
t Melpsira varians Agardh * *
5 Stenhanodiscus sp. Ehrenberg * :
;‘ Chromulinales 'j
Chromulina sp. Cienkowski * )
! Pennales
3 b
¢ Achnanthes lanceolata (8reb.) Grun. * '1
P- v. dubia Grun. *x * * *
-
A. minutissima Kuetzing ** > ** *
4
t‘ A. nollii Bock * )
1 Amohora ovalis :
1 v. affinis (Kuetz.) V.H. * * * * .
. Anomoeoneis sphaerophora (Xuetz.) Pfitzer * 1
d .
: A. vitrea (Grun.) Ross * )
Cocconeis placentula
v. lineata (thr.) V.H. ** o *x bl
:
e Cymbella affinis Kuetzing * * ** * ' o,
r A
E C. Cistula (Ehr.) Kirchn. * *
‘: C. microceohala
‘ v. crassa Reim. * |
, ‘ o
5 C. pusilla Grun. (probably) * * * 1
¥ — . 3
: (continued) )
i ]
I. .1
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Table 3 . [continued) :
p .
Species Jun 7 Jul 12 Aug 9 Sep § .
S )
4
Denticula tenuis Kuetzing ** ** ** * i
Diatoma vulgare 3ory * b * bl ) J
Jdiploneis pseudcvalis Hustedt * N
Zunotia so. Zhrenberg *
fragilarta so. Lyngbye * * b b Tl
. capucing ‘
v. mesolepta Rabh. * * .
£. crotonensis Kitzon * *
Somphanema so. Agardh * *
et 4
~4
5. abbreviatum Agardh bl hid B ¢
G. parvulum Kuetzing > bl bl o
5. subclavatum (Grun.) Patr. * * * A
3. SuBClavdLum J
3. truncatum Enrenberg * * * ®
Mavicula spp. 3ory * * * ]
—_— ]
N. minima Grun. * * * * S ]
g, . 1
Nitzschia so. Hassall * * * ®
1
N. denticuia Grun. * 1
Y. ‘rustulum
v. nersusilla (Rabh.) Grun. * * * .
_— .J
! N. linearis W. Smith * * 1
1 :
M. palea (Kuetz.) W. Smith * ;
{ \
Pinnularia sp. Zhrenbery * .
. EE— ]
S Rhooalodia aibba (Ehr.) “Yuller * - ®
- Synedrz amphicechala Kuetzing * * *
S. rumpens Xuetzing * -
\
f ¢ (continuea’ @
A
b
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Table & . fcontinued)
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TTW T v W w ey wy — oy

Species

Jun 7 Jul 1?2

Aug 9 Sep 6

S. ulna (Nitz.) Erhenberg

Terpsinoe sg.  Erhenberg
Vaucheriales
Vaucheria sp. De Candolle

CYANOPHYTA
Chroococcales

Aphanothece sp. Naeglei

Chroococcus turgidus (Kuetz.) Naeg.

Gloeocapsa sp. Kuetzing

aomphosphaeria aponina
v. cordiformis Wolle

Nostocales

Homeothrix juliana (Menegh.) Kirchner

Raphidiopsis curvata Fritsch & Rich

Oscillatoriales
Lynabva sp. Agardh
Osciilatoria sp. Vaucher
3. chalybea Mertens
0. lacustris (Kleb.) Geitler
9. nigra Vaucher
0. tenuis Agardh

CRYPTOPHYTA
Cryptophyceae

“hroomonas acuta Jtermohl
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raple ¢ . fcontinued)

Species Jun 7 Jul 12 Aug 9 Sepn 5
Katableoharis ovalis Skuja * *
EUGLENOPHYTA
Euglenales
Suglena sp. threnberg *
Trachelomonas sp. Ehrenberg *

* Present in samoles.
** ‘Jery commonly oJbserved in samples.
***x Orimary-structural-component of the "ijufwuchs" community
(e.g., Cladoohora).
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Table 5. Number of Algal Species, by Division, in Preston Big Spring, 1980
Number of Species - ®
Division June July August September Total
CHLOROPHYTA 8 9 13 8 17
CHRYSOPHYTA 27 20 26 24 41
CYANOPHYTA 5 8 9 7 12
CRYPTOPHYTA 1 2 - - 2
SUGLENOPHYTA - 1 1 - 2
Total number of taxa = 41 40 51 39 74
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Lockes Ranch Sprina

Lockes Ranch Spring is unique among the study habitats because it is
a warm spring ( 37° C ). Although it is not technically a therma! spring
(temperature greater than 45° C) , it is warm enough to retard the growth
of many aigal species and give the prokaryotic blue-qreen algae
( Cyanophyta ) an advantage. This spring aiso has very low concentrations
of nitrate-nitrogen ( Table 3 ), a major nutrient for algal growth. At
least six species of blue-green algae which may be able to fix atmospheric
nitrogen were identified in the spring; several of them were primary
structyral components. |f, through their nitrogen fixing activities, they
are supplying most of the nitrogen to the spring system, their presence is
uniquely fundamental to the entire treophic structure of the habitat.
Toiypothrix tenuis is of particuiar interest in this regard because, under
faboratory condifions, it fixed nitrogen at a rate of 0.24 grams/meter
squared/12 hours ( Round 1965 ). This is equivalent to 1315 kilograms of
nitrcgen/acre/year. Qbviously, *his species may bYe the single most
impor+tant 3iga in Lockes Ranch Spring.

In Lockes Ranch Spring the primary structural components ars *hree
filamentous blue-green algae, i.e., Tolypothrix *enuis, Plectonema wollei,

and Rivularia sp. ( Table 6). In *he shallow quiet water near meter 98,
extensive suspended growths of Qedogenium ( Chlorophyta ) also develop.
T. tenuis forms, by far, the bulk of the algal bicmass in *he habitat.

T?, and dense growths of 2; wollei, develop cottony masses atfached to
the s+tems of Scirpus, boards, and other objects on the bottom. The clumos
of algae are Tougn and form streamers up *o 30 cm in length along the
edges and into the faster flowing water of the stream. Most of the
remaining algal species ( Table 6 ) grow within this material as eoiphytes
or endophytes (i.e., under the sheaths of Plectonema ).

What has tentatively been identified as Rivularia grows a2s a tough
mat about 1-2 cm thick on solid substrates in mid-channel. The mat s
fayered in the typical! fashion of 3; haematites with extensive carbonate
deposition. Small cstracods were found living inside the mat. As they
feed on older algal material, passages are developed that form a network
within the mat. We think the mat acts as a nursery for young os*racods
where they are protected frcm predation by the fish which cannot oenetrate
*he surface.

Sixty species frcm five algal divisions were identified in samples
frem Lockes Ranch Spring ( Tables 6 and 7 ). The blue-green algae
( Cyanophy*ta ) were more important here in terms of biomass and *he
reiative number of species present ( Table 7 ) than they were in any of
the other study habitats. The diatoms ( Chrysophyta ) were the most
diverse algal group encountered, which is typical of most stream systems.
Jlothrix sp., one of the few greens ( Chlorophyta ) in the bhabitat,
commenly grew in abundance with Plectonema wollei. Cryptophytes and
guglencids were minor comoonents in Lockes Ranch Spring.
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Y
b Species Jun 8 Jul 13 Aug 10 Sep 7
:(
[ CHLOROPHYTA
Chaetophorales

h “ntocladia pithophorae (West) Smith (probably) * * * *
g Charales
s Chara sp., Valliant * *
L‘! Cladophorales

£

Rhizoclonium hieroalvohicum
. v. macromeres Wittr, *

Oedogoniales

PS Dedogonium sp. Link ** ex el **
4
{ Zygnematales
' Closterium sp. Nitzsch *
'ca Ulothrix sp. Kuetzing ** ** *x ol
. —_—
CHRYSOPHYTA
Chromulinales
o Chromulina sp. Cienkowski *
]
r‘, Pennales
4 Achnanthes exigua Grun, * * * *
; v. neterovaliva Krasske * *
2
k A. minutissima Kuetzing ** *
[
Anomoeoneis sp. Pfitzer *
Caloneis bacillaris
v. thermalis (Grun.) A.U. * *
) Cocconeis placentula
v. euglypta (Ehr.) Cl1. (probably) *
v. lineata (Ehr.) V. H. * *
L {continued)
®
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Table 6. (continued) B

Species Jun 8 Jul 13 Aug 10 Sep 7 . j

-0 .4

Cymbella sp. Agardh * * ﬂ
C. cistula (Ehr.) Kirchn. * * *

C. pusilla Grun. * * A

e ®,

Jenticula elegans Kuetzing * * * * . !
Jiatoma sp. DeCandolle * *

Zpithemia sp. Breb. * * ' {

- ) L
Z. adanata (Kuetz.) 3reb. * *
tunotia sudetica 0. Mueller *w * * *

Fragilaria sp. Lyngbye * * P

—_— @ @

Jomphonema sop. Agardh * * * RS

G. affine Kuetzing > ** * * -

3. &7 TIne -

3. angustatum (Kuetz.) Rabh. (possibly) * .

- . . ® [
3. parvulum Kuyetzing * * * *
Aastoaloia smithii thwaites *x *
Navicula sp. 3ory * * *

N. angusta Grun. (possibly) * ** * . "
N. cocconeiformis Greg. ex Grev. * * *

N. pupla .

v. rectangularis {(Greg.) Grun. * - —- i

® L J

N. radiosa Kuetzing * *

Nitzschia denticula Grun. * * * * . .'T,V:

Pinnuylaria sp. Enrenberg * ]

- ® .1

Rhopaledia gibba (Ehr.) Mueller * * ]

Synedra sp. Ehrenberg * ]
S. ulna (Nitz.) threnberg * * *

— ° o
(continued)
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Tanle 6 .

(continued)

Species Jun 8 Jul 13 Aug 10 Sep 7
CYANOPHYTA J
Chamaesiphonales o]
Xenococcus sp. Thuret * * * * L
i |
Chroococcales ‘
;; Aphanothece staagnina (Spreng.) Braum * * fi -]
! Chroococcus pallidus Naegeli * * * * 1
4 ®
S. turgidus (Kuetz.) Naegeli * ** *
C. varius A. Braun * * *
aomphosphaeria aponina
° v. cordiformis Wolle * ** * ®
- 1
Nostocales J
Anabaena sp. Bory * * * * ]
Calothrix sp. Agardh *x ** ** *= °
Nostoc so. Vaucher (possibly) * j}:::fﬂ
Plectonema wollei Farlow halale el kel kel ) s;
Pivularia sp. Roth (possibly) ek Tk haldl hallaled "
-9
Tolypothrix tenuis (Kuetz.) emend. Smidt *hx hallale ol fadalad 71?
-T-‘_ m]]ei Gardner % *k *® *¥ :
JOscillatoriales L
[ L)
Lyngbya sp. Agardh * * * -
L. epiphytica Hieronymus * * * * ]
L. limnetica Lemmermann (possibly) * 'iQ
° o
(continued) .




Table 5 . (continued)

Species Jun 8 Jul 13  Aug IC Sep 7
e _. .0
Oscillatoria sp. Vaucher * * * il 1
Phormidium sp. Kuetzing * * * )
4
Soirulina subsalsa Oersted * * o 0
)
CRYPTOPHYTA ]
Cryptophyceae ]
Katablenharis ovalis Skuja * j
o
EUGLENOPHYTA ®
Colaciales ]
Colacium sp. Ehrenberg *
£ = r * 4
fuglena sp. Ehrenberg ° .1
* Present in samples. S .
** Jary commonly observed in samples. T
*** Drimary-structural-component of the "aufwuchs" community
(e.g., Tolvoothrix tenuis). ° Py
1
o ®
1
o]
;
L
- 9
® L J
1
o
y
* o
1
K
4
]
® o
1
® L J
1
)

T |



Table 7 . Number of Algal Species, by Division, in Lockes Ranch Spring, 1980

Number of Species

Division June July August September Total
CHLOROPHYTA 2 3 4 6 6
CHRYSOPHYTA 17 13 22 23 32
CYANOPHYTA 15 16 14 16 19

1 CRYPTOPHYTA 1 - - - 1

[’ TUGLENOPHYTA 1 - - 1 2

’ Total number of taxa = 36 32 40 46 60
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Shoshone North Pond

Shoshone North Pond was unique because of the size and dynamics of
the artifical habitat. The surface of +he pond was covered with a
crustose mat of rotting algae during the June sampling. However, during
July and August, approximately one square meter of the habitat was copen
water. in September, the floating portion of the algal mat was absent
upon arrival, but had reestablished itself by the time +he field party
left. This phenomenon was due to reduced incident radiation (cloud cover)
and physical disruption (rain) in *he days preceding the sampling period.
Ouring the sampiing period, incident radiation increased, resulting in
increased primary productivity of *he algae. The result was floatation of
submerged algae by oxygen bubblies, as well as rapid growth, which ted to
the reestablishment of a floating aigal mat in the pond. In total, the
pond had more algal species diversity than any of the cther study
habitats.

In this habitat, the primary structural ccmponent was Spiroqvra

¢rassa. I+ was extremely abundant and formed the floating surface mar.
Spirogyra floats to the surface and accumulates, 3s excess oxygen produced
during pnotosynthesis gets trapped in the filaments. Once at the surface,
direct sunlight <ills the cells, where they begin to rot. Seneath This
layer, the Spiroqyra ¢ilaments are healthy and abundant. They hang frem
the underside of the floating mat in long streamers that reach the bottom

of the pond. In effect, the Spirogyra formed a fioating,
three~-dimensional cur+ain occupying much of the water body. Nithin +his

structure, many other organisms |ived. Due to the nature of the Spiroqyra

structure, the pond did not have a "typical" phytoplankten community.
Since all of +he algae were growing on or intermingled with other aligae,
it can de descibed as tychcplanktonic.

Among the filamentcus green algae ( including Mougeotia, Zvanema, and
Qedogonium, as weil as Spirogyra ) other algal groups found suitable

niches. The diatoms (23 species) were mostly at+ached to the filamentous
forms. Twenty-two motile species from five algal divisions, 19 species of
Chlorococcaies and 9 desmid species, lived within t+he ¢ilamentous
+ructure. Except for Gomphosohaeria aponina v. Cordiformis, and
Oscillatoria so., which were common, the blue-green algae ( Cyanocohyta )
were of minor importance in the pond. A total of 99 species of algae were
identified in +he habitat. A compliete species list is presented in Table
8 and a summary of taxa by division in Tabie 9 ,

WNithin Shoshone Nor+th Pond, several of the major genera in *+he motiie

" Volvocine Line " were found. The " Volvocine Line " refers *o a
systematically increasing ccmolexity in +he colonial s*tructure of a <class
of green aigze, the Volvocales. Chilamydomonas, the most orimitive

evolutionary line, is single-ceiled. Pandcrina usually has 16 cells, and
CSudorina has up *to 64 cells. These genera were present in *he nor+h pond.
The last and largest member of the " Volvecine Line " is Yolvex wi*h up *2
50,000 «cells in each colony. Volvox was not ‘ound in +he ncrth pond, Su*
was 2 majcr component of the plankton *arae meters away in +he mizd'e
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Taple 8, Algae of the "Aufwuchs" Community in Shoshone North Pond, 1980 -
“includes species found in the phytoplankton samples).
4
Species Jun 10 Jul 15 Aug 11 Sep 8 b.. @
]
CHLOROPHYTA
Cladophorales ]
Rhizoclonium hieroglyohicum (Ag.) Kuetzing * ] ;4
i Chlorococcales
» Ankistrodesmus falcatus (Corda) Ralfs * * *
] ]
‘ A. spiralis (Turner) Lemmermann *
[ 2. 1] .1
i coelastrum cambricum
v. intermedium (8ohl.) G.S. West * * hol *
! ~. microporum Naegeli ** * ]
L
(]
C. sphaericum Naegeli * * * * ’ .ﬁ
Kirchneriella sp. Schmidle (possibly) *
Jocystis sp. Naegeli * *
Pediastrum anaqulosum (Ehr.) Meneghini * ) LS
P. borvanum (Turp.) Meneghini * * * * R
2. duplex Meyen * * * )
Scenedesmus abundans (Kirch.) Chodat * ] 'Y
S. arcuatus Lemmermann * ’
3
S. bijuaa (Turp.) Lagerheim * * * *
v. alternans (Reinsch) Hansgirg * * * ) ﬁ.j
S. denticulatus Lagerheim * * ;
Tetraedron minimum (A. Braun) Hansgirg * * *
v. scrobiculatum Lagerheim * * * ) °
s
T. pentaedricum West a West * ‘
A
(continued)
b
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Table 3. (continued)

TeLvLvYLwELe B Badiaid 2l aa Chhad St i e 20 Shate e Sems

Species Jun 10

Jul 15 Aug 11 Sep 8

T. trigonum
v. papilliferum (Schroed.) Lemmer. ex. Srun.

Qedogoniales
Qedogonium spp. Link

Tetrasporales
Gloeocystis sp. Naegeli

G. ampla (Kuetz.) Lagerheim

Ulotrichales

Cylindrocapsa so. Reinsch (possibly) *

Yolvocales

Chiamydomonas sp. threnberg *

Eudorina elegans Ehrenberg

Pandorina morum (Muell.) Bory *

Sohaerellopsis fluviatilis (Stein) Pascher *

Zygnaematales
Closterium so. Nitzsch *

Cosmarium spp. Corda

C. intermedium Oelp (possibly) *
C. laeve Rabenh *

C. rectangular
v. hexagonium (Elfv.) West & West (probably)*

Desmidium sp. Agardh (possibly)

Mougeotia sp. Agardh
Spiroayra spp. Link

461

* * *
*
- *
* * “*
* *
*
T * *
* * *
* * *
* * *
* * *
*
* * *
* * *
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Table 8. (continued)

" Species Jun 10 Jul 15 Aug 1l Sep 8
(g

)
| A I
* .J.A L‘LA‘A}JAA. A

S. crassa Kuetzing el fallaked falhald rw

1 Staurastrum spp. Meyen * * * *

———————————

S. alternans Breb. * * *

|

P Y

S. manfeldtii Delp.
v. (unknown) * * * *

)

Lz. Ulothrix sp. Kuetzing *

!
& .
b lyanema sp. Agardh * *

3 ————

3

CHRYSOPHYTA
Centrales

) ]
° Melosira granulata (Ehr.) Ralfs * °®
M. varians Agardh *
! Chromulinales
Lm Chromulina sp. Cienkowski *
Mischococcales

Peroniella sp. Gobi (possibly) *

Chrvsamoeba sp. Kelbs * * * *
Kephyrion sp. Pascher * 1
Ochromonadales
Mallomonas sp. Perty * * *

Ochromonas sp. Wystozki *

Pennales

Achnanthes sp. Bory * *

A. lanceolata (Breb.) Grun *

D o udiinly

v. dubia Grun. * *

A. minutissima Kuetzing * ** *

(continued)
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Tahle 8, (continued)

Dl Ml o LAY Bl S S ie an Mun bee b e aan

Species

Jun 10 Jul 15 Aug 11 Sep 8

Amphora perousilla (Grun.) Grun.

Cymbella sp. Agardh
C. minuta (Hilseex) Rabh.

Denticula eleqans Kuetz.

Ipithemia sorex Kuetz.

. *urqida
L. =draica . p
v. westarmannii {(Ehr.) Srun.

rragilaria sp. Lyngbye

. dreyistriata
v, inflata {Pant.) Hust.

1

7. crotonensis Kition

a0mphonena *runcatum Ethr,

Navicula spp. Sory
N. accomoda  Hust. (probadly)
N. radinsa Kuyetz.

Nitzschia amohibia Grun.

Rhopalodia aibba (Ehr.) 2. Muell.

Svynedra sp, E£hrenbersg

S. ulna /Nitz.) =hr,

CYANGPHYTA
Chroococcales

Aphanocapsa sp. “Naegeli

Aphanothece staanina {Sprang.) S8raun

Chreococcus minutys (Kuetz,) “laegli

* * *

* * *

* o* *
* * *

* * *
* * *

*

* * *% L2 4
* * «
* * *

* * *

L ad L 4.

** * * *
* * ¥«
* * * *
* * *
*« * * *
* * * *

* *
» *

fcontinued’
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Table 8. [continued)

TP T W T T T TN T L= - m— W - W

Species Jun 10 Jul 15  Aug 11 Sep 8
Gompohesphaeria aponina
v. cordiformis wWolle **
Merismopedia alauca (Shr.) Naegeli *
Nostocales
4inabaena sp. Bory *
Oscillatoriales
Lvngova sp. Agardh * *
—. aestuarii (Mert,) Liebmann {probably) *
L. limnetica Lemmermann {possibly)
L. mariensiana meneghini *
L. nordgaardii Wille *
Oscillatoria sp. Vaucher * *
D. sancta [(Kuetz.) Gomont {probably) *
2. amoena (kuetz.) Gomont * *
2hormidium sp. Kuetzing *
CRYPTQOPHYTA
Cryptlophyvceae
Crvntomonas ergsa  Ihrenberg * *
Cvathomgnas truncata From,
“atablepharis oblonga *
°ratochrysis 3p, Pascher
Shocdomonas minyta
v, nannoonianctica Skuja *
{continued)
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" -
>_ :
{ Species Jun 12 Jul 15 ayg 11 San 3 s
3 o °
r -
[ CUGLENOPHYTA ]
‘ Euglenalas ]
( : |
’ Zuglena spp. Ehrenberg ** ** ** * b
° )
. Menoidiym pellycidum Perty * *x * * R
P 4
§ ' _ N
* 2hacis so. Ouiardin * -
4 PYRRHOPHYTA '
. «
T‘ Jinokontae ° ®
{ Jvmnodinium sa, Statn * * * x
dariziqiym Ssz. Snrangery ¥
9
! 2. 1nc3ansdicuum Lammermnann * * ® °
4
“4iscellaneous 1
! 20¢s $2.  Inranper] *
E '1
Gvyliomizus aniculatus *
g o
[ 1
- * drasent in samples. ]
1 *¥ lary commonly 31bserved n samples. ]
*** Orimary~-structuril-zompanent ¢ the "2ufwuchs' community 1
¢ "2.4., Spoiragvra crassal. ° °
1
i i
L
] L
l <
: ° ' ]
: 165 .
-
. 1
® L J
R
. . . -
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Table 9. Number of Algal Species, by Division, in Shoshone North Pond, 1980

Division

Number of Species

June  July August September Total

CHLOROPHYTA 22 33 30 22 42
CHRYSOPHYTA 21 15 21 17 29
CYANQPHYTA 5 5 13 11 15
CRYPTQPHYTA 3 1 3 2 5
ZUGLENOPHYTA 2 2 2 3 3
PYRRHOPHYTA 2 2 3 2 3
MISCEZLLANEQUS 2 0 - - 2

Total number of taxa 57 58 72 57 99
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pond. !ts absence frcm the north pond was probably due To grazing by
fish. The Voivox colonies are large and should be spotted easily by the
fish. The absence of fish in the middle pond may explain its abundance
there. The algal community in the pond was very complex and typical of a
highly nutrient-enriched shallow lake or pond.

JQutficw of Asn Spring

The outflow of Ash Spring has the highest flow rate of the habitats
studied. The spring head is distant from the study habitat, relative *to
the spring heads at Sreston Big Spring and Lockes Ranch Spring. The water
passes through agricultural areas and is used for irrigation before it
reaches the study area, These activities add considerabiy to the nutrient
foad of the water and affect +the gquantity and quality of the algal
community.

A compiete 1tist of the algal species identified from the outflow of
Ash Spring is given in Table 10 . A wide variety of species (68) were
found reoresenting six algal divisions ( Table 11 ),

Chara zevianica ( Chlorophyta ), Comosopoaon coeruleus

{ Rhogopnyta I, and Soirogyra sp. ( Chiorophyta ) formed the primary
structural ccmponents within the algal community of fhis habitat. The
Chara was '"rooted" in scme of the muddy bottom aresas. The Ccmpsoooqon was
usually attached *o twigs and branches in the water, but it also formed
extensive growths on the macrophyte Najas marina, which provided a secure
anchor in  *he muddy bottem 3reas. Soirogyrz developed massive growths
over ajl areas with enough undergrowth of Chara, Najas, Potamogercn, or
Compsopogen to kaeep it from being carried away in the current. The
packwater and shalliow side areas were always dominated by suspended and
floating mats of Spirogyra . Reproductive structures adeaquate for oroper
species identificarion of several important algae, especially Spircqyra
were not found.

’

Aithougn Chara was first observed in July near the 75 meter ftransect
in a shaiicw area wi*h extensive sil!t deposition, it was probably bpresent
in June as weil!, but was ccmoletely hidgen by Spirogyra growing abcve i+,
After an extended search of the 2rea, no reproductive material could be
found, orotably becauses of the apparent cropping of the new growth regions
of the Chara by animals.

Ycst  of *he alga! species diversity in the cutflow of Ash Spring was
due *o diavoms (37 species). They were mostiy epiohytic growths on  the
substrartes ar  tansg, Coemoscocacn  and Chara were particutarly excellent
substraras. The ‘lacel 2Teq zrjanisms Zuglencphytes, Pandcrina,
Mallomcnas, and <ne TryoTtopnyTtes ; graw «ithin the Spircayra ocpulation (A
the quieTer “aters The -~emaining specias were e2oiphytic cr
tychcooiankTaniz and grow'ng «i1tnin the structure of the maer forms.,
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Table 10. Algae of the "Aufwuchs" Community in the outflow of
1980 (includes species found in the phytoplankton samples).

Ash Spring,

Species Jun 15

ul

Aug 12 Sep 9

CHLOROPHYTA
Charales

Zhara zevianica X1, ex Willdenow

Cladophorales

2hizoclonium hieroalvohicum (Ag.)} Kuetzing

Chaetophorales

Apnhanochaete renens Braun

Chlorococcales

Characium sp. Braun

C. ambiguum Herman

Coelastrum sphaericum Nageli

Tetraedron minimum
v. scrobiculatum

Oedogoniales
Oedogonium sp. Link
Volvocales

Pandorina morum Bory

Zygnematales
Closterium sp. Nitzsch *
Cosmarium sp. Corda
Mougeotia sp. Agardh
Soiroagvra sp. Link hallall

Zvanema sp, Agardh

Tk

Jrde

Tk k%
* *
* *
*
*
* +*
* *
*
* *
R & ** Kk
* %

{continued)
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Table 10. (continued)

-

T d

Species Jun 15 Jul 15 Aug 12 Sep S .‘

T

EUGLENCPHYTA ]

Euglenales ]

Euglena sp. Ehrenberg * * * ‘:

- 4

{ Menoidium cellucidum Perty * j

Notosolenus sp. Stokes * ]

l Phacus sp. Dujardin * p

¢ .
{ CHRYSOPHYTA

Centrales '

8iddulohia laevis Shrenberg * ﬂ

L'.‘ Cvclctella meneghiniana Xuetzing * * * °

Ochromonadales

L Mallomonas sp. Perty *
) . - 3
L Pennales °
) 4
' Achnanthes exiqua Grun. (variety unknown) * * * * ]
[ %
o A. lanceolata (8reb.) Grun. * * * ]
A. minutissima Kuetzing * * * * ‘®
Ampnhora veneta Xuetzing * * * *
Anomoegneis sp. Pfitzer * ]
)
Cocconeis alacentula 4
v. lineata (Enar.) V.H. *x **x *x ** . 'l
T
Cymbella microcaonala .
¥. Crassa Reimer * * o ;f:
C. tumida (3reb. ex Kuetz.) V.4. * * o
N ®
C. tumidula Grun. ex A.S. * o
Senticula sp. Kuetzing * * * *
2 .
(continued)
° o
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Table 10. (continued)

Species Jun 15 Jul 15 Aug 12 Sep 9
Eunotia pectinalis (0. Muell.) Rabh. * * * *
Fragilaria sp. Lyngbye * *
Gomphonema sp. Agardh * * * *
G. affine kuetzing *

G. angustatum (Kuetz.) Rabh. * * * *
G. parvulum Kuetzing ** ** ** =
G. truncatum threnberg *
Gyrosigma sp. Hassall * *
G. acuminatum (Kuetz.) Rabh. *
Navicula sp. Bory * * * *
N. cincta (Ehr.) Ralfs * * * *
Nitzschia sp. Hassall * * *
N. amphibia Grun. * * * *
Opephora sp. Petit (possibly) *
Pinnularia sp. <tchrenberg * * *
Rhoicosphenia curvata (Kuetz.) Grun. ex Rabh. * x* * *
Rnopalodia gibba (Enhr.) 0. Mueller *x bl * *
Surirella angqustata Kuetzing * * *
S. ovalis Breb. * *
Synedra sp. chrenberg * * * *
S. actinastroides Lemmermann (probably) bl ** *x *x
S. acus Kuetzing * * * *
S. ulna (Nitz.) Ehrenberg * * il *
Terpsinoe americana (Bailey) Ralfs * * * *
{continued)
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Table 10. (continued)

Species Jun 1S Jul 15 Aug 12 Sep @

CYANOPHYTA

Nostocales
Anabaena sp. Bory * *
Calothrix sp. Agardh *
Raphidiopsis sp. Fritsch & Rich *

Oscillatoriales

Lyngbya spo. Agardh * * *
L. nordgaardii Wille *
Oscillatoria sp. Vaucher * * *
Q. lacustris (Kleb.) Geitler * * *
Plectonema wollei Farlow {probably) *

CRYPTOPHYTA

Cryptophyceae
Chroomonas acuta *
Cryotomonas sp. Ehrenberg *
C. érosa Cthrenberg *
Katablenharis oblonga *

RHODOPHYTA

Bangiales
- . *xx -

Compsopogon coeryleys (Balbis) Montagne

Miscellaneous

30do so. Ehrenberg

* Present in samples.
** ‘Jery commonly observed in samples.

*** Drimary structural component of the "aufwuchs' community

{e.g., Chara zeylanica).
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Tablell . Number of Algal Species, by Division, in the Outflow of Ash
Spring, 1980 R
Number of Species
Division June July August September Total
’
g CHLOROPHYTA 2 12 9 9 14
3
[ CHRYSOPHYTA 31 25 24 30 37
3
9 CYANOPHYTA 2 4 3 5 7
»
‘ CRYPTOPHYTA 2 2 - - 4
CUGLENOPHYTA 1 3 1 1 4
t RHODOPHYTA 1 1 1 1 1
¢ MTSCELLANEOUS 1 1 - - 1 ’
i Total number of taxa = 40 48 38 46 68
-
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PHYTOPLANKTCN

Pres+ton 8iq Soring

Algal data for plankton samples collected from Preston Big Soring in
June and July are presented in Table 12. Phytoplankton sampies were not
coilected in August and Seotember. Twenty-nine taxa from five algal
divisions were enumerated ( Table 13 ). Total <cell concentrations were
very low in all samples from June and July , ranging from 10.6 to 251.1
cells per mi ( Table 12 ). The variability in ceil concentrations between
replicates, especially in July, ( Table 12 ) reflects the random input of
periphyton into +the moving water and the difficulty in accurately
estimaring such low cel! concentrations.

In  June, non-descript coccoid-green cells and  monads (smail
flageiiates) were the numerical dominants in *he sampies ( Table 12 ). In
July, oarticularliy at +the 20 m “*transect, Oscillatoria (a filamentous
Slue-green) was mcre important in terms of cell numbers. This is somewhat
misleading bSecause only 3 filaments per ml were counted and each filament
nad avbout 75 cells. When the mean number of ailgal units encountered are
compared ( Table 14), there is little difference between June and July
samples.

All species found in the phytoplankton samples of *his spring are
members of the "aufwuchs" communi*y. Their occurrence in +he plankton is
due to wasnout frem the periphyton community. The "plank+on" contribution
to the algal bDiomass of the entire habitat is extremeiy small. The effect
of massive periphyton washouts due to major disruptions (animals and man)
would be quickly removed, as the material is carried out of the study
nabitar dy the flow.

_ockes Ranch Soring

Algal data from plankton samoles collected from Lockes Ranch Spring
in June and July are presented in Table 15. Phytopiank+on samples were
not <collected in August and September. Twenty taxa from five algal
divisions were enumerated ( Table 16 ). in June, t+he total cell
concentrations were very low and, 3as in Preston B8ig Spring, highly
variable bYertween replicates. !n July, the total cel! concentrations were
similarly wvariable but about 10 +imes higher than in June . The

dJifference was due to the occurrence of Oscillatoria and Anabaena

filaments in +the July sampies. These taxa had numerous cells in each
filamen*. An examination of the mean number of algal particles or units
zer ml ( Table 14 ) shows much less difference between *he June and July
samples. |+ follows that larger cell numbers do not necessarily increase
+the number of food particles in the water.

Diatoms and ¢ilamentous blue-green 3lgae accounted for abouT 2ne-halé
of the +axa enccuntered in June and July. This is reasonable given the
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Table 13. Number of "Phytoplankton" Species by Taxonomic Group Found in R
Preston 3ig Spring, 1980, -
)
. - L
Number of Species
Taxon June July Total
CHLAROPHYTA 2 2 3 :
®
CHRYSQPHYTA 9 12 16 -
CYANOPHYTA 1 4 5
CRYPTOPHYTA 1 2 2
EUGLENOPHYTA 0 1 1 '_'
MISCELLANEQUS 2 1 2
Total number of taxa = 15 22 29 )
L
|
o
.4
1
) @
4
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TABLE 14. *ean phytoplankton cells per milliliter and algal units per milli-
liter by habitat and date {values rounded to nearest whole number).

June July
Habitat Cells/ml Aigal units/ml Cells/ml Algal units/ml
Preston Big Sp. 18 17 105 37
Lockes Ranch Sp. 26 16 361 33
N. Sheshone Pond 3386 418 2101 190
Ash Sp. 27 27 79 32
478
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